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BACKGROUND 

[0011] Modems are well known in the art for coupling computers to one another, and often 
incorporate other functions, such as a fax function, a speakerphone function, and answering 
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machine function. Such modems can be implemented completely in hardware, or alternatively in 
a combination of hardware and software. Depending on the proportion of software and 
hardware, such modems may use a host processor, such as a central processing unit, to perform 
the traditional functions of a controller, in which case the modems are also called controller-less 
modems. Other modems may perform the traditional signal processing functions of the modem 
in a host processor; in which case, the modems may be called host signal processor (HSP) 
modems. Moreover, depending on the application, the modems may be either external or 
internal to a computer, and the modems are respectively coupled to a serial port, or a bus of the 
computer. 

[0012] For more information on HSP modems, see U.S. Patents 5,787,305, 5,940,459, 
5,765,021, 5,982,814, 5,721,830, and 6,112,266, all of which are incorporated by reference 
herein in their entirety. 

SUMMARY 

[0013] In accordance with this invention, a modem automatically measures one or more 
parameters (also called "observable parameters"; examples include number being dialed and line 
probing result), and the modem uses the measurements to identify a set of values of parameters 
(also called "controllable parameters"; examples include equalizer coefficients, echo canceller 
coefficients, and disabling of V.8bis/Kflex) from non-volatile memory, for use in a current 
connection. The values of controllable parameters in each set (of one or more sets) may have 
been saved in non- volatile memory while operating the modem in a previous connection, or may 
be default values set by the factory, for example. Loading and using a previously saved set of 
controllable parameter values to operate a modem during a current connection, saves time 
otherwise required to independently generate a set of values each time the modem is operated. 
Therefore, a modem in accordance with this invention is faster to operate than modems of the 
prior art. Use of a previously saved set of controllable parameter values to operate a modem 
during a current connection, also improves modem performance (e.g. improves connection 
stability and/or throughput). 

[0014] The set of values of controllable parameters that are initially loaded may be adjusted 

during operation of the modem, and therefore, in one embodiment of the modem, a current set of 

values of controllable parameters is saved for future use. Depending on the implementation, 

during such saving a new set of values may overwrite previously saved set of values, or 
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alternatively may be saved separately. The newly saved set of values of controllable parameters 
may correspond to either the same measurements as a previously-saved set of values, or may 
correspond to a different set of measurements. Use of multiple sets of values, with each set of 
values corresponding to a different set of measurements provides distinct identities to the modem 
depending on the circumstances under which the modem is operated. For example, the same 
modem may behave differently with a home telephone line and an office telephone that are 
respectively connected to different local loops of the telephone company, and therefore have 
different set of measurements. 

[0015] To guide the above-described act of adjustment of the values of controllable parameters 
during operation, the modem may identify the difference between a measurement of an 

Q 

p observable parameter and a corresponding reference for the observable parameter, and use the 
difference to determine the appropriate adjustment to be made. 

h 

BRIEF DESCRIPTION OF THE DRAWINGS 

h 

[0016] FIG. 1 illustrates, in a block diagram, a tuner that sets a number of controllable 
JT parameters of a modem, based on measurements of a number of observable parameters. 

ft [0017] FIG. 2 illustrates, in a high-level flow chart, a method supported by the tuner of FIG. 1 . 

[0018] FIG. 3 illustrates, in a low level flow chart, one implementation of act 209 of FIG. 2. 

[0019] FIG. 4 illustrates, in an intermediate level flow chart, one embodiment of the method of 
FIG. 2 that adjusts values of controllable parameters based on performance. 

[0020] FIG. 5 illustrates, in a low level flow chart, acts performed by the tuner in one specific 
implementation that informs the user if the problem with performance is not automatically 
fixable. 

[0021] FIG. 6 illustrates, in a high-level block diagram, a tuner that displays a message 
through a user interface on a display device. 
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DETAILED DESCRIPTION 

[0022] A computer 1 00 (FIG. 1) in accordance with this invention when programmed with 
software (also called "tuner") 135 operates a modem 190, as illustrated by act 201 (FIG. 2) . In 
act 201, computer 100 also automatically senses one or more parameters (also called "observable 
parameters") of modem 190 (FIG. 1) as illustrated by act 201 (FIG. 2). The measurements made 
in act 201 are used to identify and load values of parameters (also called "controllable 
parameters") that govern the behavior of modem 190, as illustrated by acts 205 and 207. 

[0023] Observable parameters are any parameters (related to modem 190 and/or to computer 
100) that are normally sensed during normal operation (of the modem or computer). 
Additionally, any parameters that may be needed to measure performance of modem 190 may 
also be measured in act 201. Examples of observable parameters that may be sensed include, for 
example, the telephone number being dialed, line probing result, receive power, error rate, data 
rate, and in case of a HSP modem, the number of missed interrupts, CPU utilization and memory 
utilization. The specific set of observable parameters that are to be sensed, may be 
predetermined, e.g., hard-coded into software resident in hard disk 160 (FIG. 1) and executed by 
a central processing unit (CPU) to implement a tuner 135 illustrated by performance of the 
method in FIG. 2. 

[0024] Controllable parameters are any parameters (related to modem 190 and/or to computer 
100) that affect normal operation (of the modem and/or computer), and in some cases the same 
parameter may be both an observable parameter and a controllable parameter. Examples of 
controllable parameters that may be set include, for example, the transmit power, whether or not 
V.8bis and Kflex are preformed, echo canceller coefficients and equalizer coefficients. 

[0025] When programmed with tuner 135, computer 100 determines if a new connection is 
being formed (see act 203 in FIG. 2). Initially this is true, so computer 100 uses measurements 
152 (FIG. 1) obtained from act 201 to determine if they match a set of previous measurements 
that are held in non- volatile memory (such as hard disk 160). Depending on the embodiment 
and/or the measurement, the matching may be exact (e.g. the telephone number being dialed be 
identical) or the matching may be approximate (e.g. the CPU utilization and/or memory 
utilization may be within a predetermined range, and the range may be a percentage, e.g. 1 0%a). 

[0026] If there is a match, computer 100 (FIG. 1) loads from non-volatile memory into 
memory 130 an associated set 154 (FIG. 1) of values of controllable parameters. Values of 
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controllable parameters in set 154 maybe obtained during operation of modem 190 in a previous 
connection (assuming the modem 190 has been operated at least once previously), as illustrated 
by act 209 in FIG. 2. In act 209, computer 100 saves the current set of values of controllable 
parameters, and may optionally save the current measurements of observable parameters, and an 
association therebetween, for use in operating the modem in a future connection. Alternatively, 
such values may be stored in non- volatile memory at a factory. 

[0027] Regardless of how they originate, the values of controllable parameters in set 1 54 that 
are held in non- volatile memory are used in accordance with the invention to operate modem 190 
during a current connection. Previously-saved values in set 154 are used only if there was a 

y a match between the current line conditions and previous line conditions (thereby to indicate that 

h - 

g the previously-saved controllable parameter values are applicable to the current connection). 

IP The two sets 154 and 152 (i.e. controllable parameter set 154 that is loaded when observable 

111 

lp parameter set 1 52 is matched) may be associated with one another in any manner, e.g. by a 

J* pointer 153, or even simply by physical proximity to one another in non-volatile memory. 

Q [0028] The values of controllable parameters in set 1 54 that are loaded (see act 207 in FIG. 2) 
y from non-volatile memory may have been stored therein during previous operation of modem 
^ 190, e.g. when the previous connection was no longer a new connection. A connection may be 
HI determined in act 203 to be not a new connection during normal operation, e.g. after any phase 
and also in case of a retrain or reconnect. Depending on the embodiment, computer 100 may go 
from act 201 to act 203 only once during each connection, e.g. initially on power-up of modem 
190. In an alternative embodiment, computer 100 goes from act 201 to act 203 a number of 
times during each connection, and such transition may be periodic by design (e.g. every 1 
minute), or triggered by connection-related events such as a retrain due to excessive error in 
transmission of user data. 

[0029] In one embodiment, factory-stored default values that are used initially in setting up a 
connection, are changed to new values, for example, due to adjustment of the values for a local 
loop that is currently in use (e.g. different local loops may be available at home and at the 
office). Such changes are stored in the act of 209 as a result of, for instance, periodic transitions 
from 201 to 203 as mentioned above. 

[0030] In the above-described act 205, one or more measurements may be checked to see if the 
measurements fall within a predetermined set of limits around previous measurements 152, and 
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if so the values in the associated set 154 are loaded. Therefore, in act 205, instead of checking a 
single measurement, a set of measurements may be checked to see if they fit a pattern, depending 
on the embodiment. 

[0031] In one embodiment, tuner 135 and modem software 137 use a number of storage 
elements 152-154 in memory 130 e.g. observable parameter measurements 152, controllable 
parameter values 154 and an association 153. Specifically, tuner 135 loads appropriate values of 
controllable parameters into storage elements 154 in memory 130, and the values are used by 
modem software 137 to change its behavior during operation (as illustrated by act 201 in FIG. 2). 
Moreover, depending on the embodiment, a number of portions of the software for tuner 135 
may communicate with or be interspersed across various portions of modem software 137. 

[0032] Tuner 135 of one embodiment is implemented as a set of computer instructions that are 
included in modem driver 131, as illustrated in FIG. 1. Depending on the embodiment, modem 
driver 131 may or may not include computer instructions to implement a controller and/or a 
modem in software, such as modem software 137. When present, modem software 137 is 
responsive to tuner 135. However, such a tuner can also be implemented in hardware or in a 
combination of hardware and software, in alternative embodiments. Such tuner-related hardware 
may be included in, for example, HSP modem hardware 140 (FIG. 1). HSP modem hardware 
140 includes a bus interface 142 that provides an interface to a bus 120, a codec 144 that 
performs analog to digital and digital to analog conversions, and a data access arrangement 146 
that connects to and provides an interface with the communication medium 1 80. 

[0033] In an exemplary embodiment, computer system 100 is an IBM PC compatible system, 
and bus 120 is a local bus, such as a PCI, VESA, or ISA bus. CPU 1 10 is a processor that 
implements the x86 instruction set, such as the Intel Pentium processor. Other types of 
processors, buses and instructions sets may be used in such a computer 100. Moreover, in one 
embodiment, operating system 132 (FIG. 1) resident in memory 130 is a Microsoft Windows 
operating system, such as Windows 2000, and supports other applications, such as application 
134 which may be, for example, Microsoft Word. 



[0034] HSP modem hardware 140 is a hardware portion of an HSP modem 190 shown by the 
dashed line, which includes computer instructions, such as modem software 137, tuner 135, as 
well as data 152-154 that are held in memory 130 for use by the CPU 110. Note that although a 
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single bus 120 is illustrated in FIG. 1, any number of buses may be present in computer 100, 
between HSP modem hardware 140 and processor 110. 

[0035] Memory 130 is commonly implemented as a hierarchical memory system that may 
include one or more levels of caches, and main memory. Computer system 100 includes a hard 
disk 160, which may be replaced by other types of nonvolatile memory depending on the 
embodiment. Also depending on the embodiment some type of nonvolatile memory may or may 
not form a portion of a modem. For example, in FIG. 1 , a portion of hard disk 1 60 is included in 
modem 190 for storage of the values of one or more parameters, for use by modem 190 in 
forming a connection in future. 

f*t [0036] Modem software 137 (FIG. 1) implements a number of modem functions, such as 
2 modulation to convert data into samples representing an analog signal for transmission by HSP 

Iff modem hardware 140 to a communication medium 1 80, such as a telephone line, and 

I 

IE demodulation of a signal received from the communication medium, based on a series of 
0 1 samples provided by HSP modem hardware 140. Modem software 137 may implement one or 
P more communication protocols, such as V.34, and V.90. One specific embodiment of modem 
software 137 is described in U.S. Patent No. 5,721, 830 which is incorporated by reference 
herein in its entirety. 



[0037] In one embodiment, computer 100 performs act 209 with only one set of storage 
elements for the controllable parameter values, so that previously-saved values are repeatedly 
over-written. In alternative embodiments, computer 100 performs act 209 with different sets of 
storage elements, so that previously-saved values are only over- written under certain 
circumstances. 

[0038] In one such alternative embodiment, computer 100 implements act 209 as illustrated in 
FIG. 3, e.g. checks in act 209A whether the current observable parameters measurements match 
the previously-saved measurements 152 (FIG. 1). If there is no match, computer 100 saves the 
current values of controllable parameters separate from the previously saved values of 
controllable parameters, as illustrated by act 209B. In act 209B, computer 100 also saves the 
current measurements of observable parameters (or alternatively ranges based on current 
measurements), and an association. The saved values of controllable parameters may be used in 
a future connection, if the observable parameters measurements of the future connection match 
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(i.e. are identical to or fall within ranges defined by) the corresponding observable parameters 
measurements associated with the saved values of controllable parameters. 

[0039] If there is a match in act 209 A, computer 1 00 optionally checks in act 209C if the 
current values of controllable parameters match the previously stored values of controllable 
parameters. If there is a match in act 209C, computer 100 goes to act 209E to simply update the 
controllable parameter set with the current values (i.e. the current values over- write the previous 
values). Therefore, in act 209E, a new set of controllable parameter values are not stored, and 
instead the existing sets and the related associations remain unchanged. If there is no match in 
act 209C, computer 100 goes to act 209D to save the current values of controllable parameters in 
I,.:, a new set that is also associated with the set of current measurements of observable parameters. 

b 

p [0040] If there is a match in act 209 A, computer 1 00 need not perform act 209C (described 

If? above), and instead may directly go to act 209E in another alternative embodiment. In such an 

p 

jg embodiment, computer 100 maintains only one set of controllable parameter values for each set 
** s of measurements of observable parameters, whereas when act 209D is performed, computer 100 
© maintains multiple sets of controllable parameter values for each set of measurements of 
y * observable parameters. In one such implementation, when act 209D is performed, computer 100 
f«fe marks one set of controllable parameter values for each set of measurements of observable 
f|j parameters as a "current set" and another set of controllable parameter values for each set of 

measurements of observable parameters as a "backup" set. During normal operation, the current 
set is used, and the backup is used if the modem performance with the current set is found to be 
inadequate. 

[0041] In one embodiment, in addition to the acts described above in reference to FIG. 2, 
computer 100 performs acts 211,213 and 215 as illustrated in FIG. 4. Note that in this 
embodiment, one or more of acts 209A-209E described above in reference to FIG. 3 may or may 
not be performed, depending on the implementation. Prior to storage of the values of 
controllable parameters in act 209, computer 100 optionally measures performance in act 21 1 
(FIG. 4) and thereafter checks in act 213 whether the performance is acceptable. The 
performance measurement in act 21 1 is an optional act and may not be required, for example, if 
performance is measured in terms of observable parameters that were sensed in act 201 
(described above). 
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[0042] Alternatively, performance may be measured by sensing additional parameters if 
necessary, or by otherwise determining certain measurements (e.g. by use of formula), and in this 
aspect the performance measure is a higher-level concept whereas parameter sensing is a lower 
level concept. Examples of performance measure obtained in act 2 1 1 include stability of a 
connection (as measured, for example, by duration between re-connects), connection speed, and 
set up time. Performance measure is the effect of setting values to the controllable parameters, 
not the reason for setting values of the controllable parameters, thus, it is not measured in act 
201. 

[0043] Performance measure may be derived from the results of sensing low-level parameters 
that are not sensed in act 201 . For example, the stability of a connection, as a performance 
measurement, may be represented as a weighted summation of the sensed values of a number of 
low-level parameters. One example of a performance measure is the sum of the durations 
between retrains divided by the total number of retrains. Another example of performance 
measure is the sum of durations between rate-renegotiations divided by the total number of rate- 
renegotiations. Yet another example of a performance measure is a weighted average of the just- 
described two performance measure examples (such numbers may be scaled so that they are each 
of the same order of magnitude before being combined, and the more important number (such as 
retrain) is weighted more heavily when being combined into a single performance measure). 

[0044] When performance is determined to be acceptable, computer 100 goes to act 209 
(described above in reference to FIG. 2), and otherwise goes to act 215 to adjust the values of 
controllable parameters. For example, a connection speed of 28.8 Kbps is acceptable when 
modem 190 is between 25,000 and 30,000 feet from the central office of a telephone service 
provider, but not acceptable when the distance is less than 15,000 feet. 

[0045] To guide act 21 5 of adjusting, computer 100 may identify the difference between a 
measurement of an observable parameter and a corresponding reference for the observable 
parameter, and use the difference to determine an appropriate set of values of controllable 
parameters. For example, computer 100 may find that the receive power is too low, and in act 
215 the computer 100 may adjust transmit power of modem 190 by an amount that is 
proportional to the difference between the receive power and a reference value. Therefore, if the 
receive power is low by a certain amount, the transmit power is proportionately increased. 
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[0046] In the specific embodiment illustrated in FIG. 4, computer 100 goes from act 215 
directly to act 209 to store the values as soon as they are adjusted, although in an alternative 
embodiment, computer 100 may go from act 215 to act 201 (as described above, to operate 
modem 190 and to sense the observable parameters). In other embodiments, computer 100 may 
return from act 215 to act 21 1 (also described above). 

[0047] In one embodiment, in addition to the above-described acts in reference to FIG. 4, 
computer 100 performs acts 217 and 219 illustrated in FIG. 5. Specifically, in act 213 if the 
modem performance is not acceptable, computer 100 goes to act 217 and checks if the 
performance can be improved by adjusting one of the controllable parameters and/or changing 
y. one or more algorithms used in operation of modem 190. If the modem behavior cannot be 
ti: changed to improve performance (e.g. even with retraining and reconnecting), the user is notified 
% in act 219. The user may be informed with a status message, such as message 192 (e.g. "low 
f~ memory" illustrated in FIG. 6) displayed by a user interface 191 on a display device 193. Such a 
message may include a suggestion for corrective action that may be taken by a user, e.g. 
rebooting the system, power cycling the modem, or shutting down other applications. 



p [0048] Therefore, tuner 135 changes the behavior of modem 190 (FIG. 5) while informing a 
M= user and/or obtaining user approval for the change. Changing modem behavior after approval by 
a user as described above causes a modem 190 to adapt its behavior to the environment with the 
user's cooperation and assistance. Depending on the embodiment, act 219 may be performed at 
other times as well, to inform the status to the user via a user interface 191 that pops up a 
message 192, and thereafter returns to act 209. 

[0049] Message 192 may inform the user not only of the measurement that is causing a change 
in the modem behavior, but also may indicate the change in the modem behavior, e.g. that a low 
speed protocol is being used. Moreover, message 192 that is displayed by computer 100 may 
automatically notifying the user of an environment of the modem represented by one or more of 
the measurements, such as channel noise, and receiving power. Furthermore, message 192 may 
notify the user of a characteristic of the modem represented by one or more measurements, such 
as channel noise, receiving power. 

[0050] Examples of measurement of observable parameters and changing of controllable 
parameters in the manner illustrated in one of FIGs. 2-5 are described next. Although certain 
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examples are described, other such examples will be apparent to the skilled artisan in view of the 
disclosure. 

[0051] As noted above, the computer measures (e.g. see act 201 in FIG. 5) a number of 
observable parameters, and in one embodiment one such parameter is the number I m of missed 
interrupts in Sm seconds as described in U.S. Patent Application, Serial No. 09/967,758 entitled 
"Interrupt Counter" filed by Long Wang and incorporated by reference above. In this example, 
the computer checks if the number I m is greater than a predetermined number N m (e.g. in act 
213). If so, the computer goes to act 217 (FIG. 5) to determine if this problem is fixable 
automatically, hi this example, the problem is not automatically fixable, and therefore computer 
100 informs the user in act 219 that operation of the modem is unstable because of low system 
resources. 

[0052] In another example, computer 100 measures peak power of noise and average power of 
noise (e.g. see act 201 in FIG. 5). Thereafter, computer 100 checks if the peak power is greater 
than average power by X n dB for N„ number of times that a sample is received in act 2 1 3 . If so, 
the computer 100 determines in act 217 that the problem is not fixable automatically, and goes to 
act 219. In act 219 (FIG. 5), the computer informs the user that operation of the modem is 
unstable because of noisy channel. 

[0053] In yet another example, the computer 100 senses a number being dialed (e.g. see act 
201 in FIG. 4). Thereafter, in act 203 the computer 100 checks if the current connection is a new 
connection (meaning that values of controllable parameters haven't yet been loaded from 
memory), and if so goes to act 205 (FIG. 4). In act 205, the computer 100 checks if the number 
being dialed is same as a number previously saved in memory. If so, the computer 100 loads the 
controllable parameters (see act 207 in FIG. 4) from memory. In this embodiment, the 
controllable parameters include values indicating the need to disable V.8bis and Kflex protocols. 
Thereafter, the computer 100 returns to act 201, to continue to operate the modem, with either 
disabling or enabling V.8bis and Kflex as indicated in the values loaded from memory. 

[0054] If the computer 100 finds that the number being dialed is different from a number 
previously saved in memory in act 205 (FIG. 4), then the computer senses (in act 201) a V.90 
capability flag during performance of V.8 protocol sent from the remote modem. This flag 
indicates whether or not protocol V.90 is available. Next, the computer checks if V.90 
connection is successfully formed (in act 213) and if so, goes to act 215 (FIG. 4) to update the 
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corresponding controllable parameter in memory (for future use with this telephone number). 
Note that if the telephone number is not previously saved, then the computer 1 00 saves a new set 
of controllable parameter values (including the V.90 flag), the new telephone number, and an 
association between them, as illustrated by act 209 (FIG. 4). 

[0055] In still another example, the computer 100 senses a number being dialed (e.g. see act 
209 in FIG. 4) and line probing result (in phase 2). Thereafter, in act 203 the computer 100 
checks if the current connection is a new connection (meaning that values of controllable 
parameters haven't yet been loaded from memory), and if so goes to act 205. In act 205, the 
computer 100 checks if the number being dialed is same as a number previously saved in 
memory and if the line probing result is within a range of Xe dB (e.g. within 1 dB) from a 
previously saved line probing result in memory. If so, the computer 100 loads the controllable 
parameters (see act 207) from memory. In this embodiment, the controllable parameters include 
equalizer coefficients. Thereafter, the computer returns to act 201, to continue to operate the 
modem, with the equalizer coefficients loaded from memory. 

[0056] If the computer 100 finds that the number being dialed is different from a number 
previously saved in memory or if the line probing result differs by more than X e dB, then the 
computer 100 determines the equalizer coefficients for this connection (in act 215). Thereafter, 
in this example, the computer 100 returns to act 21 1 by skipping act 209, and checks in act 213 if 
the performance is acceptable (e.g. checks if the equalizer has converged or if the connection has 
continued for a predetermined amount of time M e , such as 1 minute). If performance is 
acceptable, computer 100 goes to act 215 to update the corresponding controllable parameter in 
memory (e.g. the current equalizer coefficients are saved for future use with this telephone 
number). 

[0057] Note that if the performance is not acceptable in act 213, then the computer goes to act 
217 (FIG. 5) to determine if the problem is automatically fixable. In this example, the problem is 
fixable automatically, and therefore computer 100 goes to act 215. In act 215, the computer 100 
adjusts the equalizer coefficients based on a difference between equalizer output and slicer 
output, using an adaptive method, such as least mean squared method well known in the art. 
Thereafter, the computer 100 returns to act 201 to continue to operate the modem with the new 
coefficients. For an example of use of such coefficients, see U.S. Patent Application, Attorney 
Docket No. M- 12492 US. 
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[0058] In another example, the echo canceller coefficients are handled by computer 1 00 in the 
same manner as that described above for the equalizer coefficients. 

[0059] In yet another example, the computer 100 senses power of the received signal (e.g. see 
act 201) averaged over any predetermined period during which transmission power from remote 
modem is constant (e.g. as defined in the V.90 specification). Thereafter, the computer goes to 
act 213 (whether or not the connection is new in act 203 and skipping act 211), and the computer 
100 checks if the receive power is lower than Xr dBm (e.g. -35 dBm) by the amount Yr dB (e.g. 
3 dB). If not, the computer 100 does not adjust transmission power. If the decision in act 213 is 
yes, the computer 100 goes to act 217 and determines that the problem is automatically fixable 
and goes to act 215 and increases the controllable parameter transmit power by Zr dB (e.g. 3 dB), 
and thereafter continues to operate the modem with the new transmit power (see act 201). 

[0060] Numerous modifications and adaptations of the various embodiments, examples, 
implementations and illustrations described herein will be apparent to the skilled artisan in view 
of the disclosure. For example the method illustrated in FIG. 2 can be used with wireline 
modems in some embodiments, and with wireless modems in other embodiments. Moreover, 
instead of automatically selecting and setting just equalizer coefficients, in another embodiment, 
derivatives of equalizer coefficients are automatically selected and set as described in the related 
US Patent Application 60/326136 that has been incorporated by reference above. Furthermore, 
although a programmed computer executing software that performs certain acts has been 
described herein as being used in certain embodiments, in other embodiments such a 
programmed computer may be replaced by hardware (or a combination of hardware and 
software) that performs one or more such acts (e.g. the functions of a tuner may be performed in 
hardware). Moreover, although in certain embodiments acts of the type described herein are 
performed in a voice-band modem, such acts can also be performed in non-voice-band modems, 
such as a wireless modem. 

[0061] Numerous such modifications and adaptations of the embodiments, examples, 
illustrations and implementations of the type described herein are encompassed by the attached 
claims. 
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